Aims/hypothesis The leading cause of death in type 2 diabetes is cardiovascular disease (CVD). We examined the prevalence of myocardial ischaemia in type 2 diabetes patients and tried to establish an algorithm to identify patients with a high risk of ischaemic heart disease. Methods Type 2 diabetes patients who had no known or suspected CVD, and had been referred consecutively to a diabetes clinic for the first time (n=305; age 58.6±11.3 years; diabetes duration 4.5±5.3 years) were screened for myocardial ischaemia using myocardial perfusion scintigraphy (MPS). Results The univariate predictors of myocardial ischaemia were: atypical or typical angina pectoris, two or more traditional risk factors for CVD, BMI >32 kg/m 2 , systolic blood pressure >140 mmHg, HbA 1c >8.5%, high-sensitivity C-reactive protein >4.0 mg/l, N-terminal pro-brain natriuretic peptide >300 pg/ml, left atrial volume index >32 ml/ m 2 , left ventricular ejection fraction <50%, and carotid and peripheral arterial disease. The algorithm identified low (n= 96), intermediate (n=65) and high risk groups (n=115), in which the prevalence of myocardial ischaemia was 15%, 23% and 43%, respectively. Overall the algorithm reduced the number of patients referred to MPS from 305 to 144. However, the sensitivity and specificity of the algorithm was just 68% and 62%, respectively. Conclusions/interpretation Our algorithm was able to stratify which patients had a low, intermediate or high risk of myocardial ischaemia based on MPS. However, the algorithm had low sensitivity and specificity, combined with high cost and time requirements. 
Introduction
The leading cause of death in patients with type 2 diabetes mellitus is cardiovascular disease (CVD) [1] [2] [3] , which accounts for 50 to 75% of all deaths [2, 4, 5] . It has been demonstrated that type 2 diabetes patients without prior myocardial infarction have the same probability of cardiac death as patients with prior myocardial infarction but without diabetes [2] .
In recent years, many studies have demonstrated that ischaemic heart disease is rather common in type 2 diabetes patients. Thus, the Detection of silent myocardial Ischaemia in Asymptomatic Diabetics (DIAD) study, a multi-centre study of asymptomatic type 2 diabetes patients, performed myocardial perfusion scintigraphy (MPS) and found a prevalence of myocardial ischaemia of 22% [6] . Other prospective studies using MPS have found a generally high prevalence among asymptomatic type 2 diabetes patients, although prevalence varied from 6% to 56% [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Several studies have used different algorithms to identify type 2 diabetes patients who should or should not be referred to MPS. These algorithms have been based on numbers of CVD risk factors, results of exercise electrocardiography or coronary artery calcium score measurements [7-12, 15, 16] . However, so far no generally accepted algorithm has been established.
In a previous publication, we investigated the prevalence of and inter-relationship between myocardial ischaemia and both carotid and peripheral arterial disease (PAD) in a population of well-characterised type 2 diabetes patients, who had no known or suspected CVD and had been referred to a diabetes clinic for the first time [17] . In the present study of the same patients, we wanted to establish an algorithm to discriminate between type 2 diabetes patients with a low, intermediate or high risk of myocardial ischaemia based on MPS. In the attempt to identify these groups, we used clinical and laboratory variables, as well as more sophisticated measurements, e.g. echocardiography, B-mode ultrasound scans of the carotid arteries, and ankle and toe strain gauge technique.
Methods
Population We consecutively evaluated all 753 type 2 diabetes patients referred to the Diabetes Clinic at Odense University Hospital, Denmark from January 2006 to December 2007; 305 of the patients evaluated met the inclusion and exclusion criteria as previously reported [17] .
The study was carried out according to Good Clinical Practice, followed the Helsinki II Declaration, and was approved by the Regional Ethics Committee and registered at www.clinicaltrials.gov. All participants gave written, informed consent.
Each patient underwent a single-day structured examination programme including history recording and a cardiovascular risk factor evaluation. Traditional cardiovascular risk factors besides diabetes mellitus (RF CVD ) were: family history of CVD (defined as CVD either in male first-degree relative <55 years or in female firstdegree relative <65 years), current smoker and a medical history of hypertension or hypercholesterolaemia. Chest discomfort was classified according to the ACC/AHAguidelines [18] .
High-sensitivity C-reactive protein (hs-CRP) was determined with a particle immunoassay rate method (IMMAGE; Beckman Coulter, Fullerton, CA, USA). Plasma N-terminal pro-brain natriuretic peptide (NT-proBNP) was determined using a proBNP immunoassay (ELECSYS; Roche Diagnostics, Mannheim, Germany). Finally, the patients were screened by MPS, echocardiography, B-mode ultrasound scans of the carotid arteries, ankle and toe systolic blood pressure measurements, and the 1 point Cr-EDTA clearance procedure [19] .
MPS The MPS examinations were performed using stress ECG-gated 99m Tc MPS according to standards of the American Society of Nuclear Cardiology using ECGgated single photon emission computed tomography [20] . The MPS protocol used in the present population has been published previously [17] . In brief, whenever a potential stress-induced perfusion defect was observed, an additional rest study was carried out the next day to evaluate the degree of reversibility. A semi-quantitative visual interpretation was made by means of short axis, horizontal and vertical long axis myocardial tomograms and a 20-segment model. All images were analysed by two experts (A. Johansen, P. F. Høilund-Carlsen), who were blinded to all other data and each other, and a summed stress score was calculated. Myocardial ischaemia was defined as a regional perfusion abnormality with a total summed stress score ≥4 and at least one segment having a summed stress score ≥2. Final interpretation and overall diagnosis were obtained by consensus.
Echocardiography The echocardiograms were performed on a medical ultrasound machine (2.5 MHz transducer) (Vivid 5; GE, Horten, Norway) and stored digitally for later blinded analysis using EchoPac version 7.0, PC-08 (GE). In brief, left ventricular systolic function was assessed using the biplane Simpson modified method [21] . Left ventricular systolic dysfunction was defined as left ventricular ejection fraction (LVEF) <50%.
Left atrial volume index was estimated by the biplane area-length method, using measurements at the apical fourand two-chamber views at end-systole (maximum left atrium size) and divided by body surface area [21] . Left atrium volume index was considered moderate or severely increased, if greater than 32 ml/m 2 [21] .
B-mode ultrasound scans of the carotid arteries Carotid intima-media thickness was measured semi-automatically as the mean of a minimum of 200 measurements per location site (the bulbus region and the proximal end of the common carotid artery) from digitally stored images created using B-mode ultrasound scans (10-MHz linear transducer) of the posterior wall bilaterally at end-diastole. Each image was also investigated for plaques using the ARIC-study plaque definition [22] . Carotid arterial disease was defined as carotid intima-media thickness >1.00 mm [23] [24] [25] and/ or the presence of a plaque at any carotid location.
Ankle and toe systolic blood pressure measurements These measurements were performed using the strain gauge technique [26] . All participants rested for 20 min in the supine position before cuffs were placed around the ankles (cuff width 12.0 cm) and proximal phalanges of the big toe (cuff width 2.5 cm). Strain gauges were placed around the distal phalanges of the big toe. Duplicate measurements of ankle and toe systolic blood pressures were obtained. Arm systolic and diastolic blood pressure was measured. The ankle-brachial index and toe systolic blood pressure index were calculated as the systolic blood pressure at each level, respectively, divided by the arm systolic blood pressure. PAD was defined as ankle-brachial index <0.90 and/or toe systolic blood pressure index <0.64 [27] .
Risk scores The UKPDS Risk Engine (version 2.0) score (UKPDS-RS) [28] and the Framingham Risk Score (FRS) [29] were applied separately in the present study population, and the 10 year risk of developing CHD (CHD 10year ) was obtained.
Statistical analysis Continuous variables are presented as mean and standard deviations, and categorical variables as numbers and percentages with 95% CIs. We used Student's t test to test for differences between independent continuous variables. Due to a non-Gaussian distribution of hs-CRP and NT-proBNP, these variables are presented as median and interquartile range, and the Mann-Whitney test was used to compare groups. Univariate logistic regression analysis was performed using myocardial ischaemia as outcome variable. The co-variables used in the univariate logistic regression analysis were predefined clinical and laboratory variables (clinical predictors) that had been identified previously as possible predictors of myocardial ischaemia. Based on the univariate logistic regression analysis, we selected a baseline model of significant predictors, which defines the start point (Model 1). Next, we added the sophisticated predictors, i.e. echocardiography variables (LVEF <50% and left atrium volume index >32 ml/m 2 ), and both carotid artery disease and PAD to the co-variables in Model 1 and performed a multivariate logistic regression analysis (Model 2). The clinical and sophisticated predictors used in the multivariate logistic regression analysis were all associated with myocardial ischaemia at the 10% significance level in univariate logistic regression analysis. Results are reported as OR with 95% CI and p values. For each model, the AUC under the receiver operating curve (ROC) was calculated. The ROCs for Model 1 and 2 were drawn. A p value <0.05 was considered statistically significant, unless otherwise stated. STATA, version 9.2 (StataCorp LP, College Station, TX, USA) was used for calculations.
Results
Characteristics of the type 2 diabetes patients are presented in Table 1 .
Predictors of myocardial ischaemia
The clinical and laboratory variables (clinical predictors) analysed were predefined well-known predictors of ischaemic heart disease. These clinical predictors were thought to present baseline variables that could easily be obtained, enabling low-cost risk stratification. In the univariate logistic regression analysis, the co-variables associated with the outcome variable myocardial ischaemia on MPS were: atypical or typical angina pectoris, RF CVD ≥2, BMI >32 kg/ m 2 , systolic blood pressure >140 mmHg, HbA 1c >8.5%, hs-CRP >4.0 mg/l and NT-proBNP >300 pg/ml ( Table 2) .
The AUC ROC was increased from 0.69 to 0.76 from Model 1 to 2 ( Table 3 , Fig. 1 ). The co-variables that were statistically significant in Model 2 were BMI >32 kg/m 2 , HbA 1c >8.5%, left atrium volume index >32 ml/m 2 , LVEF <50% and PAD (Table 3 ). The addition of the sophisticated measurements increased the AUC ROC and each measurement (except for carotid arterial disease) was significantly associated with myocardial ischaemia. Figure 2 shows an algorithm that tries to translate the results of our multivariate analyses into a simple clinical prediction rule for selection of patients who should be referred to MPS in the attempt to diagnose myocardial ischaemia. According to American Diabetes Association (ADA) guidelines, type 2 diabetes patients with typical or atypical angina pectoris should be referred for stress testing [1] . These patients were therefore selected and sent directly to MPS in our algorithm. Patients without typical or atypical angina pectoris were then screened in a first step using six clinical predictors. All clinical predictors that were significant in the univariate analysis had ORs of almost similar magnitude; hence, we simply counted the number of predictors present (Table 3) . If two or more of these were fulfilled, the patients were examined by (1) echocardiography to assess left atrium volume index and LVEF; (2) B-mode ultrasound scans of the carotid arteries to evaluate whether carotid arterial disease was present; and (3) ankle and toe systolic blood pressure measurements to evaluate if PAD was present. Again, in this second step, we simply counted the number of predictors present, as all four predictors had ORs of almost similar magnitude in Model 2 (Table 3) . With this algorithm, 29 patients with typical or atypical angina pectoris were sent directly to MPS, of whom 48% had myocardial ischaemia based on MPS. Of the remaining 276 patients, 180 fulfilled two or more of the remaining six clinical predictors, whereas 96 patients did not. Of the latter 96 patients, 15% had myocardial ischaemia on MPS, making this a low-risk group. The 180 patients fulfilling two or more of the clinical predictors underwent the sophisticated measurements, of whom 115 fulfilled one or more of the sophisticated predictors. Of these 115 patients, 43% had myocardial ischaemia, making this a high-risk group. Finally, 23% of the remaining 65 of the 180 patients who did not fulfil one or more of the sophisticated predictors had myocardial ischaemia, making this an intermediate-risk group. By introducing the algorithm (Fig. 2) , the number of patients who need to be referred to MPS was reduced from 305 (100%) to 144 (47%) patients. The sensitivity and specificity of the algorithm in Fig. 2 to detect myocardial ischaemia were 68% and 62%, respectively.
Algorithm for prediction of myocardial ischaemia
Risk scores In the present study population, the UKPDS-RS CHD 10year and the FRS CHD 10year were on average 15.0± 11.1% and 14.9±9.4%, respectively. In patients with myocardial ischaemia on MPS, the UKPDS-RS CHD 10year was 15.6±11.5% vs 14.8±10.9% for those without (p=0.54). With respect to the FRS CHD 10year it was 15.5±10.0% vs 14.7±9.2% (p=0.46). Both UKPDS-RS and FRS CHD 10year were further used to stratify which patients should be referred to MPS in the present study. Three UKPDS-RS and FRS CHD 10year levels were applied separately to investigate which levels would be optimal: these were the 5%, 10% and 15% levels, respectively. As mentioned above, patients with typical or atypical angina pectoris were not included in the analysis, since these should be referred directly to MPS according to ADA guidelines [1] . In the present study population of patients without typical or atypical angina pectoris (n=276), stratifying at the 5% level for UKPDS-RS CHD 10year and FRS CHD 10year demonstrated that 38% and 36% of patients with a risk ≤5% had myocardial ischaemia on MPS, respectively. Stratifying at the 10% level for both risk score models, we found that 28% and 25% of patients with a risk ≤10% had myocardial ischaemia, respectively. Finally, when stratifying at the 15% level for both risk score models, we showed that 28% and 29% of patients with a risk ≤15% had myocardial ischaemia, respectively. Hence, in none of the three groups (≤5%, ≤10% and ≤15%) was the prevalence of myocardial ischaemia using both UKPDS-RS and FRS CHD 10year lower than in all 276 patients, except for FRS CHD 10year ≤10%, where the prevalence of myocardial ischaemia was 25% compared with 28% in all 276 patients.
Discussion
In the present study we introduced an algorithm for identification of myocardial ischaemia on MPS in type 2 diabetes patients. This algorithm can identify patients with a low, intermediate or high risk of myocardial ischaemia using both simple clinical and more sophisticated measurements.
From the multivariate models, addition of the co-variables left atrium volume index >32 ml/m Table 3 ). The covariables left atrium volume index >32 ml/m 2 , LVEF <50% and PAD all had significant ORs. Thus, the addition of each of these variables increased the explanatory power of the model.
Inspecting the ROC of Model 2, the model with the highest AUC ROC value suggested that a sensitivity and specificity in the magnitude of 70% and 65%, respectively should be possible (Fig. 1) . The sensitivity and specificity obtained from the ROC curve of Model 2 is based on the optimal combination of the co-variables selected in the present study and should hence be considered to be too optimistic. The algorithm presented in Fig. 2 had 68% sensitivity and 62% specificity. These values were rather close to the optimal sensitivity and specificity obtained from the ROC of Model 2, the slight decrease being the price we paid for seeking to find a simple clinical predictive rule. In particular, we forced the seven clinical predictors into the algorithm before the more sophisticated predictors were introduced, since this approach made sense from a clinical point of view. Therefore, in the present algorithm only patients with intermediate or high risk of myocardial ischaemia were investigated with the sophisticated measurements. The algorithm identified a low-, intermediate-and high-risk group, in which the prevalence of myocardial ischaemia was 15%, 23% and 43%, respectively. Overall, the algorithm reduced the number of patients referred to MPS from 305 (100%) to 144 (47%). However, the algorithm also had a rather low sensitivity and specificity, resulting in many false negative results (n=29) and meaning that the sophisticated measurements in combination were not efficient enough to identify all patients with myocardial ischaemia on MPS and to classify these into the high-risk group.
In the present study, we also calculated the 10 year risk of suffering from CHD using both the UKPDS-RS [28] and FRS [29] CHD 10year . By introducing these two risk score models separately at the 5%, 10% or 15% levels, three lowrisk groups for each model were created containing from 42 to 165 patients of the 276 patients examined. The size of each of these low-risk groups seemed reasonable, so we did not test other levels below 5% or above 15%. However, the groups created by the two risk score methods (UKPDS-RS, FRS) actually failed to identify low-risk patients, as each of these groups had a prevalence of myocardial ischaemia at least as high as the entire group of patients without typical or atypical angina pectoris; an exception was the FRS CHD 10year ≤10%, which was almost the same as the entire group (25% vs 28%). It has to be kept in mind that the UKPDS-RS and FRS CHD 10year predict risk of developing CHD and not risk of having myocardial ischaemia on MPS, Echocardiography, B-mode ultrasound scans, ankle−toe systolic BP (one or more variables):
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Yes (n=115) Fig. 2 Algorithm: how to identify type 2 diabetes patients needing referral to MPS. Prevalence of myocardial ischaemia = number of patients with myocardial ischaemia on MPS/number of patients screened in each step of the algorithm as our algorithm was constructed to do. Despite this, it is well established that summed stress score on MPS can predict CHD in diabetes patients [30] and therefore diabetes patients with myocardial ischaemia on MPS should be identified by more general tools like the UKPDS-RS [28] and FRS [29] CHD 10year . We did not include age in our algorithm, since it was not significant in the univariate analysis, even though we know from many studies that age is a strong predictor of CVD. This can be explained by selection bias in the present study, since only the elderly without CVD were included. In this respect, it is essential to highlight that algorithms like ours should only be used in populations identical to the population from which the algorithm was derived. In addition, we acknowledge that the very best approach would be to follow-up the entire population and assess the true predictive value of the algorithm for future cardiovascular events. However, these data are not available yet. Finally, it should be mentioned that the sensitivity and specificity of the algorithm is dependent on the prevalence of true positive tests. Some studies have used modalities like exercise electrocardiography [8, 11] or coronary artery calcium score measurements [7] as gatekeepers before referral to MPS. However, none of these studies investigated whether their particular 'gatekeeper' could actually select type 2 diabetes patients who should or should not be referred to MPS, since only patients with abnormal pre-tests were sent to MPS. Our study is the first to try systematically to identify type 2 diabetes patients with a low, intermediate or high risk of myocardial ischaemia on MPS. It is debatable whether our algorithm could become clinically useful. Using it, we were forced to accept a prevalence of myocardial ischaemia up to 15% in the low-risk group. On the other hand, our algorithm seemed to be close to the optimum obtainable with this set of variables in the present population, as multivariate models did not lead to a clear further improvement according to the ROC of Model 2.
An attempt to answer the question of whether to screen for ischaemic heart disease by MPS or not in asymptomatic type 2 diabetes patients was made in a recent publication of the DIAD study [31] . The authors concluded that screening with MPS was not favourable, since only few patients had moderate to large defects on MPS in combination with the low cardiac event and cardiac mortality rates of the entire population after a follow-up period of 4.8±0.9 years. On the other hand, patients with moderate to large perfusion defects at baseline in the DIAD study had a 12% cardiac event rate during the follow-up period compared with 2% for patients with a normal MPS. Thus, algorithms like ours, which can select asymptomatic patients with a high risk of myocardial ischaemia on MPS, and especially among those with moderate to large defects, seem warranted as a way of attempting to reduce the number of patients who need to be screened. However, before introducing screening models like the one proposed in the present study, further studies are needed. In particular, the modality used for screening (i.e. MPS) should be associated with an increased risk of future CVD; and more importantly, interventional strategies should be tested in the group of patients with myocardial ischaemia on MPS in order to find out if it is possible to reduce morbidity and mortality rates in these patients.
Study limitations Our study was limited in that 126 of 431 eligible patients refused to participate or did not show up. However, no statistical differences were present between the study group and the non-participants with regard to age and diabetes duration. Despite this, selection bias cannot be ruled out.
A second limitation is that in the present study GFR was significantly higher in patients with myocardial ischaemia on MPS than in those without. Since it is well established that decreased GFR is related to increased risk of cardiovascular events and death in type 2 diabetes patients [32, 33] , one cannot help speculating that this difference might at least partly be caused by some selection bias, although unintended.
Conclusions/interpretation
The algorithm established in the present study, using both simple clinical and more sophisticated predictors, was able to stratify type 2 diabetes patients according to a low, intermediate or high risk of myocardial ischaemia on MPS. However, it is debatable whether our algorithm could become clinically useful, since its sensitivity and specificity for detection of myocardial ischaemia were rather low in combination with high cost and time requirements.
